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1 Introduction

Infrastructure typically characterises technical structures such as transport systems (roads, bridges, tunnels, etc.),
water supply, sewers, electrical grids, telecommunications, and so forth [1], and can be defined as the physical
components of interrelated systems providing commaodities and services essential to enable, sustain, or enhance
societal living conditions [2]. Therefore infrastructure is inherently a set of interrelated systems, also known as a
system of systems (So0S), that aims to provide services to the public, and ultimately makes the Government
liable for the availability and quality of those services. Projects defined to acquire such systems are costly, long
and complex to manage. The procurement context is comprised of many organizations with different concerns;
each plays a particular role in this collaborative scenario, having many interactions to other roles, which further
makes the procurement complex and entangled. Since the government is responsible for managing these
projects, the Public Private Partnership (PPP) has been recently gained attention from the government as the
procurement method for infrastructure system. In PPP the public sector is responsible for establishing
performance standards and ensuring that the concessionaire meets them. In essence, the public sector’s role
shifts from being the service provider to regulating the price and quality of service [3].

Governments publish the rules of procurements in various documents to regulate the procurement context.
Despite the completeness and expressiveness of the PPP guideline documents, which are written in natural
languages, there exist many problems regarding understanding, interpreting and consistent application of these
rules. Moreover, responding to the “Request for Proposals” issued by governments involves generating a large
amount of documents by bidders which introduces complexity and costs to the bidding, bid evaluation and
negotiation processes. Local governments often lack the staff needed to plan, negotiate and monitor a contract
that is suited to local circumstances and must spend significant resources acquiring the expertise and advice
required. A 2007 report from the UK National Audit Office [4] found that the average cost of external advice in
procuring Private Finance Initiative deals was just over £3 million per project. In Cornwall, Ontario, the local
paper [5] reported mounting costs associated with procuring a recreation centre as a PPP. Costs included
$95,000 to Ernst & Young for services related to the project, including preparing documents and exploring the
possibility of a PPP, as well as $125,000 to a Toronto law firm for help preparing the agreements and documents
required in a PPP deal. In Halifax the consultant fees associated with preparing an RFP for a four-pad arena
came to $128,640 [6].

In this study we employ the Model Based Systems Engineering (MBSE) methodologies and tools to address the
problems raised from document centric engineering. MBSE “is the formalized application of modelling to
support system requirements, design, analysis, verification, and validation activities beginning in the conceptual
design phase and continuing throughout development and later life cycle phases” [7]. MBSE is intended to
facilitate systems engineering activities that have traditionally been performed using the document-based
approach and result in enhanced communications. [8]. According to the studies on MBSE since 2006 [8] [9]
[10] [11] [12], practicing MBSE involves six fundamentals: Process Standard, Systems Engineering Method,
Architecture Framework (AF), Architecture Description Language (ADL), Model and data exchange standard,
and modelling tool.

The Architecture Frameworks that are discussed in this paper are the acquisition oriented AFs. The acquisition
AFs are developed by the defence sectors in the form of metamodels to provide a standardized knowledge
structure for information sharing. These metamodels generate the consistent and integrated models of both the
‘system’ and the ‘acquisition project’ defined to acquire the system. DoDAF (Department of Defense
Architecture Framework) is an example of acquisition AF. UML (Unified Modelling Language) and SysML
(Systems Modelling Language; a UML profile) are the ADLs often used to model AF artefacts.

Our previous studies [13] have analysed the Architecture Frameworks to assess their adequacy and effectiveness
in modelling the acquisition projects. The results show that the system specific concerns such as user
requirements, system services, physical and functional aspects of the system are fully or partially covered by the
current architecture frameworks (DoDAF, MoDAF, TRAK). However, the concerns related to the ‘procurement



of the system’ such as financial aspects of the project, project risks, bid evaluation and asset ownership are
mainly overlooked. So, the next step of this research, which is summarized in this paper, focuses on expanding
the architecture frameworks to make them capable of covering all aspects of the procurement projects. Since this
expansion should be integrated to all the AFs, we have picked UPDM [14] (Unified Profile for DoDAF and
MoDAF) as the internationally accepted and academically registered profile for the mentioned AFs.

This paper focuses on identifying the procurement concerns and adding new viewpoints to the architecture
frameworks; and developing a domain specific language based on SysML to be served as the ADL to model the
new viewpoints. It is organised as follows: the proposed solution is explained in section 2. Section 3 briefly
describes the methodology used for creating the metamodel and the language. Some samples of the achieved
results are provided in section 4 and finally, section 5 draws the paper conclusion.

2 Proposed Solution

In order to extend the Project/Acquisition viewpoints of UPDM, three enhancements will be made: identifying
the views to depict common information needed for procurement, an expansion of the metamodel to the
procurement domain, and finally the language necessary to populate these views. Figure 1 illustrates how this
DSL fits into the context of current literature. As shown, UPDM consists of a metamodel (abstract syntax)
which is mapped to a profile (concrete syntax). The UPDM profile is a group of stereotypes which are
specializations of UML and SysML. Likewise, the DSL has a metamodel that expands the UPDM metamodel
(adds new concepts to it); and is mapped to a profile which is specializations of (i.e. extends) SysML.
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Figure 1: Putting the research deliverable into the context of existing literature

3 Methodology

The Domain Meta Model (DMM) of the procurement domain will be created as an ‘abstract syntax’ of the new
viewpoints. Then the created metamodel should be integrated to UPDM to assure the integrity between the
models generated by each of the metamodels. The concepts of the DMM will be mapped to SysML elements so
that the ‘concrete syntax’, which is the interface between the AF metamodel and the modeller, will be created as
a SysML profile. This profile consists of stereotypes that are specializations of SysML elements (e.g. ‘risk’ is a
specialization of SysML ‘Block’). The ‘constraint rules’ of the metamodel will also be written in OCL (Object
Constraint Language). Finally, the stereotypes will be grouped, according to the viewpoint they are representing,



to create new SysML diagram frames. These new SysML diagrams all together form a Domain Specific
Language (DSL) which will be used for modelling the procurement projects. The methodology is shown in more
details in Figure 2.
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Figure 2: Method of developing the Metamodel and the Language
4 Results

In the knowledge gathering step, the PPP frameworks and guidelines were collected from the infrastructure
departments and regulatory agencies of a variety of countries including Australia, UK, South Africa, India,
Hong Kong and Singapore.

4.1 Domain Structuring and Viewpoint identification

As shown in Figure 3 the structure of PPP domain is created according to the gathered knowledge. The PPP has
6 stages and each stage consists of some parts or viewpoints. In order to create a metamodel for PPP, each
viewpoint (metamodel fragment) should be defined and then the combination of these fragments will form the
PPP metamodel.

4.2 Sample viewpoints

In this section, two of the mentioned viewpoints, Project Organizations and Risk Evaluation, are chosen as
exemplars to show their structure and how they produce the models.

4.2.1 Project Organizations

One aspect in initializing the project is identifying the involved organizations and their relationships. This
viewpoint allows the modeller to choose from a variety of typical organizations that play a role in the project
and link them to each other. Figure 4 shows the typical organizations and Figure 5 illustrates how these
stereotypes have formed a diagram by which the modeller creates the arbitrary models of these relationships.



Stage 0: Project Principals

Viewpoints:
1. Project Organizations
2. Project Funding

-

Stage 1: Project Appraisal

Viewpoints:

1. Project costs

2. Project Revenue {Demand modelling)
3. Feasibility (Environmental, Technical)
4, Value for Money

<L

Stage 2: Project Structuring

Viewpoints:

1. Risk Identification
2. Risk evaluation
3. Risk allocation

.

Stage 3: Project Design

Viewpoints:

1. Performance requirements (output services)
2. Payment mechanism

3. Dispute resolution

4. Termination provision

<>

Stage 4: Tendering Transactions

Viewpoints:

1. Expression of Interest
2. Request for Proposals
3. Bid Evaluation

<

Stage 5: Project Management

Viewpoints:
1. Management structure
2. Management responsibilities

Figure 3: PPP Stages and identified Viewpoints
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Figure 5: Organization Relationship Diagram

4.2.2 Risk Assessment

This viewpoint is defined to accommodate the project risks and prioritizing them by indicating their likelihood
and severity of their consequences. Figure 6 illustrates the concepts of this viewpoint and Figure 7 shows a
sample of a risk assessment diagram.
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5 Conclusion

This paper focuses on improving the Architecture Frameworks to increase their capability in modelling the
procurement projects of infrastructure systems. The solution is proposed as a Domain Specific Language for
infrastructure procurement. The methodology is provided which shows how the metamodel (abstract syntax)
and the language stereotypes (concrete syntax) are developed. The results firstly show the 18 identified
viewpoints of procurement domain and then chooses 2 of them as examples. The Project Organization
Viewpoint and Risk Assessment Viewpoint and the models they generate are shown. In the next step of this
study, all other 16 viewpoints will be created to provide a full modelling language for infrastructure
procurement. This DSL can be used by the domain practitioners, who are the contracting officers and
procurement managers, to generate the contracting materials to facilitate the contracting process, assure the
consistency of the procurement documents, giving better project outcomes.
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